ABSTRACT: Previous research suggests that enteric disease and poor gut health interact to decrease pig performance. Our objective was to determine if light birth weight pigs or those from the bottom 10th percentile of transition ADG (tADG) have a higher incidence of pathogen presence or enteric lesions than heavier or faster-growing contemporaries. A total of 1,500 pigs were weighed at birth and divided into 5 birth weight (BRW) categories: <1, 1 to 1.25, 1.26 to 1.5, 1.51 to 1.75, and >1.76 kg. At weaning, 1,054 random pigs were moved to a commercial wean-to-finish barn. Pigs were weighed individually at 0 and 3 wk postweaning. Transition ADG was calculated as the ADG between wk 0 and 3 postweaning. One pig from each of the 10th, 30th, and 70th percentiles of tADG was used to create 1 set of 3 pigs with the same litter size and from the same parity sow. Forty pigs from each of the 3 tADG percentiles were matched for sex, litter size, and sow parity but not BRW to create 20 matched sets of 60 pigs. This allowed for the main effects of BRW and tADG to be studied as a 5 × 3 factorial design. At 3 and 22 wk postweaning, pigs were euthanized for organ system tissue evaluation. Lung, lymph node, and digesta were analyzed for presence of pathogens and for severity of microscopic lesions (0 = not present, 1 = present, with slight erosion, 2 = present, with moderate erosion, and 3 = present and severe erosion). Data were analyzed using PROC GENMOD and GLIMMIX, where pig served as the experimental unit. The fixed effects were BRW and tADG and the random effects were pen and set. There were no BRW × tADG interactions (P = 0.16). There was no correlation (P = 0.12) between tADG and pathogen presence at either 3 or 22 wk postweaning. Incidence and severity of microscopic lesions in the large intestine at 3 wk postweaning decreased linearly with increasing tADG (P = 0.01). Lesion incidence and severity were also affected (P < 0.04) by tADG at 22 wk postweaning, with greater stomach incidence in the 10th percentile. Birth weight affected (P = 0.02) haemolytic Escherichia coli and Salmonella spp. B (includes Salmonella typhimurium) isolation at 3 wk postweaning as well as Brachyspira spp. isolation at 22 wk postweaning (P = 0.05) but in mixed directions. There were no effects (P = 0.21) of BRW or tADG on serum or ileum mucosa immune markers. In summary, it is apparent from this research that neither BRW nor tADG are likely causes of pathogen or lesion incidence.
INTRODUCTION
Fallback pigs are those that fail to achieve growth performance equal to that of their contemporaries . Sometimes 1 individual component, such as light birth weight due to intrauterine growth retardation, is responsible for underperformance (Gondret et al., 2005 (Gondret et al., , 2006 . However, fallback pigs are usually created by a combination of circumstances that compromise a pig's ability to develop or grow as well as its contemporaries (Wu et al., 2006) . Some of these circumstances include poor nutrition, psychological or environmental stress, and disease, with the latter being one of the least understood.
Even with 1.27 million kg of in-feed antimicrobials used annually, disease still poses significant economic and animal welfare concerns to the swine industry (Apley et al., 2012) . Pathogen elimination would be the most ideal way to control disease. However, this is often unfeasible in today's industry. Removing predisposing factors associated with pathogens is often the most practical method to control disease (Batista and Pijoan, 2002; Madec and Buddle, 2002) . Fallback pigs may be one of these predisposing factors as they may harbor pathogens that assault healthy pigs sharing the same space. Rearing these fallback pigs separately from their contemporaries may improve the overall enteric health and performance of the growing-pig population. However, we first need to characterize if fallback pigs are the sources of increased enteric disease within the barn. Our objectives were to determine if, compared to their heavier or faster-growing contemporaries, light birth weight pigs or those from the bottom 10th percentile of early postweaning growth have a greater incidence of 1) enteric pathogen presence, 2) gastrointestinal lesion presence or severity, and 3) immunological marker presence in ileal mucosa and serum.
MATERIALS AND METHODS
All experimental procedures adhered to the ethical and humane use of animals for research and were approved by the Iowa State University Institutional Animal Care and Use Committee (number 2-11-7095-S).
Animals and Housing
Over a 3.5-d period, 1,500 pigs (Danbred 600 × Newsham NC32) were farrowed at a commercial sow farm located in southern Iowa (Iowa Select Farms, LLC, Iowa Falls, IA) . Before suckling, pigs were weighed to obtain individual birth weights (BRW) and tagged with an identification number. Source sow parity and litter size were recorded. All procedures from birth until weaning were performed according to normal procedures at the source farm, including cross-fostering among litters. At 16 or 17 d of age, a total of 1,054 pigs were randomly selected, weaned, and transported to a commercial curtainsided wean-to-finish barn with slatted floors and a deep pit in central Iowa (Iowa Select Farms, LLC) . Pigs were sorted by sex and randomly allotted to 40 pens with 26 or 27 pigs per pen.
Experimental Design and Diets
Pigs were weighed individually at birth, at weaning, and 3 wk postweaning. Transition ADG (tADG) was calculated as the ADG between wk 0 and 3 postweaning. One pig from each of the 10th, 30th, and 70th percentiles of tADG was used to create 1 set of 3 pigs with the same litter size and from the same parity sow. This allowed for the direct comparison of tADG category without the confounding factors of litter size or sow parity. Forty sets were created in this manner, for a total of 120 pigs. Pigs remained in original pens after initial placement, so a single set of pigs may have been located in multiple pens. Data were analyzed as a 5 × 3 factorial, with 5 BRW categories, <1.00, 1.00 to 1.25, 1.26 to 1.50, 1.51 to 1.75, and >1.76 kg, and 3 tADG categories, 10th, 30th, or 70th percentiles. We have previously reported the growth performance according to tADG . The tADG for pigs within each percentile were 90, 151, and 219 g/d for pigs from the 10th, 30th, and 70th percentiles, respectively (P < 0.0001, SEM = 1.4 g/d). Fallback pigs were identified as those with tADG in the 10th percentile. All pigs were fed the same diets in the phase-feeding program used by the commercial producer. Feed-grade antibiotics were included in the feeding program. From weaning until the barn average weight was approximately 9.3 kg, and pigs received diets containing 50 mg/kg carbodox. When pigs were approximately 9.3 to 12 kg, diets contained 400 mg/ kg chlortetracycline and 35 mg/kg tiamuline hydrogen fumarate. When pigs weighed approximately 12 to 18 kg, diets contained 500 mg/kg oxytetracycline. When pigs were approximately 18 to 23 kg, diets contained 400 mg/kg chlorotetracycline. When pigs were approximately 23 kg until the end of the experiment, pigs received diets containing 25 mg/kg zinc bacitracin. As previously reported, overall ADG from weaning until 22 wk postweaning was 599, 618, and 649 g/d (P < 0.0001, SEM = 9.7 g/d) while wk 22 BW was 100.0, 102.9, and 107.7 kg (P < 0.0001, SEM = 1.55 kg) for pigs from the 10th, 30th, and 70th percentiles, respectively .
Pig Health Status
Pigs originated from a herd negative for porcine reproductive and respiratory syndrome virus (PRRSV). However, a mixed PRRSV and influenza A virus outbreak was confirmed wk 2 postweaning in the wean-tofinishing barn where this study was conducted.
Necropsy and Sample Collection
Twenty sets of pigs (20 sets × 3 pigs per set = 60 total pigs) were transported to the Iowa State University Veterinary Diagnostic Laboratory (ISU-VDL) at each of wk 3 and 22 postweaning. After transport, blood was collected from live pigs via jugular venipuncture; serum was collected and stored at -80°C for later analyses. Pigs were euthanized via captive-bolt stunning and exsanguination (wk 3 postweaning) or electrocution (wk 22 postweaning) and necropsied by veterinary pathologists. A 15-cm segment of the ileum was collected exactly 1 m proximal to the ileal-cecal junction immediately after euthanasia.
The ileum was immediately split along the mesenteric border placed on a cold metal tray and flushed with cold saline, and mucosa was collected by gently scraping the luminal surface with a glass microscope slide. Mucosa scrapings were flash-frozen in liquid nitrogen and stored at -80°C for later analyses. Appropriate fresh tissue samples and digestive contents were collected for pathogen identification. Sections of brain, heart, kidney, large intestine, liver, lung, lymph node, nasal turbinate, pancreas, small intestine, spleen, stomach, and thymus were collected, fixed in 10% neutral-buffered formalin for 48 h, routinely processed, and stained with hematoxylin and eosin for microscopic examination.
Incidence of Pathogens
The incidence of both the North American and European genotype of PRRSV (TaqMan NA and EU PRRSV; Applied Biosystems, Grand Island, NY) in lung samples and the incidence of porcine circovirus type 2 (PCV2) in lymph nodes (tracheobronchial and mesenteric; Opriessnig et al., 2003) were determined by PCR. Additionally, PCR was used to determine the incidence of rotavirus serogroups A, B, and C (Torrison et al., 2010) and Lawsonia intracellularis (Jordan et al., 1999) in colon content samples. Lung, spleen, small intestine, and colon were cultured for Brachyspira spp, hemolytic Escherichia coli haemolytic (hemolytic E. coli), Haemophilus parasuis, Salmonella spp., and Streptococcus suis.
Incidence and Severity of Lesions
Presence and severity of microscopic lesions were analyzed in a blinded fashion by a certified veterinary pathologist at the ISU-VDL. All collected tissues were examined for inflammation, necrosis, degeneration, and atrophy that could be associated with a disease process and scored from 0 to 3 (0 = no lesion, 1 = mild, 2 = moderate, and 3 = severe).
Liver Mineral Concentration
Fresh liver samples were quantitatively assessed for concentrations of cadmium, calcium, cobalt, copper, chromium, iron, phosphorus, potassium, magnesium, manganese, molybdenum, selenium, sodium, and zinc by inductively coupled plasma/mass spectrometry according to the ISU-VDL standard operating procedure.
Immune Marker Concentration
Approximately 500 mg of mucosa scrapings was placed in 4 mL PBS, homogenized, and centrifuged at 10,000 × g for 15 min at 4°C. The supernatant was extracted, subsampled, and stored at -80°C for subsequent analyses. Total protein concentration of hydrolyzed mucosa scrapings was quantified using a Pierce bicinchoninic acid (BCA) Protein Assay kit (Thermo Scientific, Woltham, MA). Using porcine ELISA kits, serum and mucosa concentrations of IgA (Bethyl Laboratories, Inc., Montgomery, TX), IL-1β (R&D Systems, Minneapolis, MN), IL-8 (R&D Systems), and total glutathione (GSH; Cayman Chemical Company, Ann Arbor, MI) were determined. All analyses were completed in duplicate and repeated when intraduplicate coefficient of variation exceeded 5%. Mucosa concentrations were standardized from a per milliliter of supernatant basis to a per gram of mucosa scraping basis by multiplying the immune marker concentration of each sample by its total protein concentration.
Statistical Analyses
Pig was the experimental unit for all analyses. The fixed effects were BRW and tADG categories, while the random effects were pen and set. There were no effects of sex or interactions (P = 0.15), so those variables were removed from all model statements. The incidence of bacterial or viral pathogens or lesions were binary variables (0 = not present and 1 = present) and had Bernoulli distributions. Therefore, the incidence of bacterial or viral pathogens or lesions was analyzed using the GENMOD procedure of SAS (version 9.2; SAS Inst. Inc., Cary, NC), which used a logit model with categorical independent variables (Kaps and Lamberson, 2009) . Results were considered significant if χ 2 < 0.05. Predicted proportions for each independent variable were calculated using the PRE-DICTED statement, and differences (α = 0.05) between least squares means were calculated using the LSMEANS DIFF statement. If lesion incidence was significant (P < 0.05), lesion severity score was calculated using the GLIMMIX procedure of SAS. The GLIMMIX procedure was also used to determine liver mineral concentration and immune marker concentrations. Immune marker concentrations were log transformed before analyses to meet the assumptions of ANOVA. Reported immune marker concentration P-values represent transformed values, but means and SE of the means represent untransformed values. The LSMEANS and DIFFS statements provided estimates of least-squares means and differences (α = 0.05) between them, respectively. Effects were considered trends if 0.05 < P < 0.10. Pearson correlation coefficients were calculated using the CORR procedure of SAS. Results were considered significant if P < 0.05.
RESULTS AND DISCUSSION
Fallback pigs may simply be those born with a light BRW. Perhaps caused by intrauterine growth retardation, prenatal programming may restrict subsequent performance as suggested by the thrifty phenotype hypothesis (Hales and Barker, 1992; Wu et al., 2006) . However, fallback pigs can also be those with similar BRW or weaning weights, such as with porcine periweaning failure-tothrive syndrome (PFTS). Typically, PFTS is associated with pigs that have normal weaning weights and no sign of infectious or nutritional factors that would predispose them to poor postweaning growth but that have anorexia noticeable within 1 wk postweaning and extreme lethargy in the following 1 to 2 wk (Huang et al., 2011 (Huang et al., , 2012 . While similar to the pigs in this experiment, pigs with PFTS have a common weaning weight, which is not a requirement of fallback pigs (Huang et al., 2011) . In addition to light BRW or PFTS, disease may cause pigs to fall back from normal performance. Holck et al. (1998) observed that only 70% of a pig's genetic potential for growth is reached when reared in commercial conditions. Disease has been hypothesized to be one of the primary sources of this reduction in performance. The classification of fallback pigs may encompass pigs with intrauterine growth retardation, pigs with PFTS, pigs with increased pathogen presence, or pigs that fall back for other unknown reasons. Within the confines of this experiment, we wanted to determine if disease presence and severity is associated with fallback pigs by studying the effects of both BRW and periweaning or transition period ADG (tADG). Furthermore, this study was conducted in commercial facilities using commercial diets and handling conditions.
It is important to note that the PRRSV outbreak at wk 2 postweaning likely influenced the results of this experiment, particularly those at wk 3 postweaning. The PRRS virus is highly associated with secondary infections (Moore, 1990; White, 1992; Stevenson et al., 1993; Benfield et al., 1999) . Although the incidence of PRRS viremia was equal among all categories at 3 wk postweaning, these results provide valuable insight into the prevalence of pathogens and immunological markers during and after a PRRSV outbreak. No other published literature reports these variables during a natural PRRSV outbreak in a true commercial setting.
Birth weight and tADG had little effect on the bacterial or viral burden in the pigs used in this study. At wk 3 postweaning, there was no effect (P = 0.08; Table 1) of BRW on the incidence of Haemophilus parasuis, PCV2, PRRSV, rotavirus, or Streptococcus suis infection. However, the incidence of hemolytic E. coli and Salmonella spp. B was affected (P = 0.02) by BRW but in different manners. Pigs from BRW categories less than 1.25 kg had lower (P < 0.05) incidence of hemolytic E. coli than those pigs in the 1.25 to 1.50 kg or >1.75 kg categories. This resulted in hemolytic E. coli incidence increasing linearly with BRW (P = 0.04). The direction of this effect was unexpected and in contrast with previous human research.
For example, very light BRW infants are more prone to E. coli pathogen incidence than normal weight infants because the growth of anaerobic organisms in a healthy gut inhibits the proliferation of gram-negative organisms (Stoll et al., 1996; Sakata et al., 1985) . To further elucidate the cause of this difference, hemolytic E. coli incidence was regressed with actual BW to determine if this effect is simply an effect of greater concentrations of E. coli due to greater BW. Interestingly, BW was not a good predictor of E. coli incidence (P = 0.25, R 2 = 0.02), suggesting that the E. coli incidence was indeed greater in this BRW category and not just as a function of BW. Meanwhile, pigs with BRW from 1.00 to 1.50 had a decreased (P < 0.05) incidence of Salmonella spp. B compared to pigs with BRW >1.75, resulting in a quadratic effect (P = 0.02). We would have expected Salmonella spp. B incidence to decrease with increasing BRW, as has been described in human infants (Jarvis and Robles, 1996) . Pessoa-Silva et al. (2002) showed that a 250-g increase in infant BRW resulted in increased protection from Salmonella infantis.
There was no effect (P = 0.31) of tADG on the presence of bacteria or viruses at 3 wk postweaning. This was unexpected, as we had hypothesized that fallback pigs had greater incidence of pathogens than their faster-growing contemporaries. Unreported data from our lab demonstrates a difference between the calculated and actual ME intake of fallback pigs compared to their contemporaries. One of the possible explanations for this difference is a variation in the maintenance requirement of pigs because the "average" pig used to generate the theoretical calculation would likely have a lower maintenance cost than one with greater disease prevalence. However, the present study suggests that pathogen prevalence does not differ among pigs of varying tADG. Other explanations include social ranking and appetite regulation, both of which are likely affected by BRW and tADG but are outside the confines of this single experiment.
We have found no other data regarding the effect of pathogen presence on the prevalence of fallback pigs. However, Huang et al. (2012) reported that PFTS was not (P = 0.06) caused by any pathogens tested in their experiment, including Clostridium perfringens, pathogenic E. coli, attaching and effacing E. coli, Streptococcus suis, Haemophilus parasuis, Bordetella bronchiseptica, Brachyspira hyodysenteriae, Brachyspira pilosicoli, PCV2, PRRSV, influenza A virus, alphacoroanvirus 1, rotavirus A, porcine enteric calicivirus, suid herpesvirus 2, betacoronavirus 1, torque teno virus 1, torque teno virus 2, or coccidia. This is the only controlled experiment of pigs with PFTS in the literature and consisted of an investigation at a single farm. However, taken together with data from this experiment, it appears that neither PFTS nor fallback during the periweaning period were influenced by the infectious disease agents evaluated.
While this may be the case at 3 wk postweaning, BRW and tADG may affect pathogen incidence during the finishing period. Pigs with BRW <1.00 kg had a greater (P < 0.05) incidence of colonic Brachyspira spp. presence than those with BRW 1.50 kg or heavier, which can be elucidated from pairwise comparisons. Increasing BRW tended to decrease (P = 0.08) colonic Brachyspira spp. infection, and there was a strong negative correlation between the 2 (P = 0.05; correlation = -0.881; Table 2 ). We have been unable to find a similar response in the literature, but increasing BRW is associated with improving intestinal flora development (Sakata et al., 1985; Uauy et al., 1991) . There were no (P = 0.14; Table 1 ) other effects of BRW on bacterial or viral presence. Brachyspira spp. infection was also affected (P = 0.01) by tADG, although in an unexpected manner. Pigs from the 30th percentile had greater (P < 0.05) incidence of Brachyspira spp. infection than those from the 10th percentile of tADG, an effect that we cannot explain.
There was no effect (P = 0.32) of tADG on the incidence of Haemophilus parasuis, Lawsonia intracellularis, PRRSV, or Salmonella spp. B. However, tADG affected (P = 0.03) PCV2 incidence, where pigs from the 10th percentile of tADG had increased (P < 0.05) PCV2 prevalence compared to those from the 30th or 70th percentiles. We did not expect a response in PCV2 prevalence because all pigs were vaccinated at 6 wk of age (4 wk postweaning). However, the direction of the response was expected as poor postweaning growth is characteristic of both PCV2 and the related postweaning multisystemic wasting syndrome (Harding and Clark, 1997; LeCann et al., 1997; Segalés et al., 1997) . Still, there were no significant correlations (P = 0.12) between tADG and pathogen presence at either wk 3 or 22 postweaning, including PCV2 incidence at 22 wk postweaning (P = 0.43; Table 2 ). While trends existed for correlations between BRW and presence of hemolytic E. coli (P = 0.09, r = 0.233) at 3 wk postweaning and both rotavirus type B (P = 0.06, r = 0.007) and PRRS; P = 0.07, r = -0.128) at 22 wk postweaning, the magnitude of the correlations were deemed too insignificant to consider biologically relevant. While PCR and digestive content samples allow us to determine the incidence of pathogens, we must also consider the magnitude of their effect. One manner in which this can be quantified is through the incidence and severity score of histopathological lesions on various organs (Bertschinger and Fairbrother, 1999) . At wk 3 postweaning, there was no effect (P = 0.24; Table 3) of BRW on lesion incidence in the brain, heart, kidney, large intestine, liver, lung, lymph nodes, nasal turbinate, pancreas, small intestine, or spleen. Both stomach inflammation (P = 0.05) and thymic (P = 0.02) lesion incidence were affected by BRW but in opposite manners. Pigs with BRW <1.00 kg had increased (P < 0.05) stomach inflammation compared to those with BRW greater than 1.50 kg. This resulted in stomach lesion incidence decreasing (P = 0.03) linearly with increasing BRW. However, the severity score of stomach lesions was not affected (P = 0.21) by BRW. Meanwhile, pigs with BRW >1.75 kg had increased (P < 0.05) thymic lesion incidence compared to pigs with BRW <1.00 kg and from 1.25 to 1.75 kg. This lesion incidence alone does not seem biologically relevant. However, the direction and magnitude of thymic lesion incidence follows that of Salmonella spp. B incidence. Salmonellosis has been associated with thymus lesions in beef cattle (Teuscher et al., 1988) . In addition, the severity of thymic lesion incidence was significantly affected (P = 0.01) by BRW, as lesions from pigs with BRW >1.75 kg had greater (P < 0.05) severity compared to lesions from all other pigs. Following the trend of E. coli incidence, thymic lesion incidence increased (P = 0.03) linearly with BRW. Although we reported a strong correlation between BRW and prevalence of Brachyspira spp. infection above, the extent of the disease was not reflected in lesion incidence. In fact, there were no effects (P = 0.12) of BRW on lesion incidence at wk 22 postweaning.
While there was no effect of tADG on pathogen presence at wk 3 postweaning, it did affect the incidence of lesions in the large intestine (P = 0.03) and their severity (P = 0.02). Incidence and severity were greater (P < 0.05) in pigs from the 10th and 30th percentiles compared to those in the 70th percentiles. Lesion incidence was not affected (P = 0.11) by tADG in any other measured organs at 3 wk postweaning.
At 22 wk postweaning, tADG affected both lung (P = 0.03) and stomach (P = 0.04) lesion incidence but again in opposite directions. Pigs from the 10th percentile tADG had decreased (P < 0.05) lung lesion incidence compared to pigs from the 30th or 70th percentiles. This effect is similar to that of the incidence of Brachyspira spp. infection. Severity score of lung lesions was not affected (P = 0.60) by tADG. Meanwhile, pigs from the 10th percentile tADG had greater (P < 0.05) stomach inflammation incidence and severity compared to those from the 30th or 70th percentiles. Again, this effect again seems biologically irrelevant; it follows the same pattern of PCV2 incidence at 22 wk postweaning, and the pathogen has been clearly linked to lesions within the stomach and gastrointestinal tract (Chianini et al., 2003; Segalés et al., 2004; Corrêa et al., 2008) Another method to determine severity of pathogen load is to determine the concentration of markers of immunological or oxidative stress. An immune response results in the production of proinflammatory cytokines, the production of which requires energy and nutrients that may have otherwise been used for growth (Broussard et al., 2003; Johnson, 1997; Spurlock, 1997) . Gram-negative bacteria, such as the E. coli and Salmonella spp. B that were present in this experiment, produce endotoxins, which are detected by the immune system and trigger the production and release of proinflammatory cytokines (Pestka and Zhou, 2006) . Drewe et al. (2001) has shown that epithelial wall integrity can be compromised during an immune response, allowing for increased translocation of pathogens. Additionally, Moeser et al. (2012) has recently reported that pigs with PFTS have decreased epithelial barrier function and altered mucosal morphology that were not only explained by low feed intake. Thus, the mucosal immune system is an integral part of immunity (Burkey et al., 2009; Snoeck et al., 2006) . However, there was no link (P = 0.20; Table 4 ) between BRW or tADG and serum of ileum mu- cosa IgA, IL-1β, IL-8, or total GSH. This lack of effect was expected, given the poor correlation between pathogen incidence and BRW or tADG. Our values appear similar to those reported previously in the literature (Bourne, 1973; Darwich et al., 2003; Danielsen et al., 2006; Kruse et al., 2008) . However, there is very limited immune marker data with respect to mucosal scrapings, particularly during a disease challenge. Therefore, our data are among the first to report mucosa immunoglobulin and cytokine concentrations during a natural PRRSV outbreak.
Because the immune system has a high demand for trace elements to serve as cofactors in various metabolic pathways, we determined liver mineral concentrations. There was no effect (P = 0.11; Table 5 ) of BRW or tADG on liver cadmium, calcium, chromium, cobalt, copper, magnesium, manganese, molybdenum, phosphorus, potassium, selenium, sodium, or zinc concentrations. However, hepatic iron concentrations were affected by both BRW (P = 0.004) and tADG (P = 0.0004). Pigs with BRW <1.00 kg had greater (P < 0.05) iron con- 1 There were no (P > 0.39) birth weight category × transition ADG category interactions. If lesion incidence was significant, lesion severity was analyzed according to the following scale: 0 = no lesion, 1 = mild, 2 = moderate, and 3 = severe.
2 Linear effect for transition ADG, P = 0.01. Severity scores of lesions were significant for ADG (P = 0.02; 1.15, 0.75, and 0.16 for 10th, 30th, and 70th percentiles, respectively; SEM = 0.239).
3 Linear effect for birth weight, P = 0.03. Severity scores of lesions were not significant (P = 0.21) for birth weight.
4 Severity scores of lesions were significant for birth weight (P = 0.01; 0.00, 0.07, 0.00, 0.00, and 0.33 for <1.00, 1.00 to 1.25, 1.25 to 1.50, 1.50 to 1.75, and >1.75, respectively; SEM = 0.081).
5 Severity scores of lesions were not significant (P = 0.60) for transition ADG.
centrations than those with BRW from 1.50 to 1.75 kg. Additionally, pigs from the 10th percentile had greater (P < 0.05) iron concentrations than those from the 70th percentile of tADG. Iron concentrations decreased linearly (P < 0.01) with both increasing BRW and tADG. This effect was likely due to the residual iron injection (200 mg/mL Fe dextran) given within 48 hr of birth, particularly because there was no correlation (P = 0.16 to 0.43) of hepatic iron concentrations with bacteria or lesion incidence. Pigs have relatively low body Fe reserves at birth, and there is little Fe transfer in sow's milk (Underwood, 1977; Miller, 1981) . Rapid growth and corresponding blood and hemoglobin development quickly uses Fe reserves, leaving the pig vulnerable to anemia (Henry and Apley, 1999) . Historically, pigs have overcome this anemia by rooting in Fe-containing soil, but confinement conditions restrict a pig's contact with soil, which instigates the need for an Fe-dextran injection to prevent anemia (Barber et al., 1955; McDonald et al., 1955) . The stored iron from the Fe-dextran injection is primarily used by pigs between 14 and 21 d of age. However, the iron stores may be available in the pig up to 8 wk of age, particularly if pig growth is slow (SladicSimic and Cvetkovic, 1978) . 2 Linear effects for both birth weight and transition ADG, P < 0.01.
ab Means within a row that do not share a common superscript differ P < 0.05.
In summary, poor tADG appears to be unrelated to disease at the end of that period except for greater incidence and severity of large-intestinal lesions. Furthermore, poor tADG was not associated with greater disease several weeks later, with minor exceptions. Low BRW did not appear to predispose pigs to disease except for infection with Brachyspira spp. It is apparent from this research that neither BRW nor tADG are likely causes of pathogen or lesion incidence.
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